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High Latitude Electron Detectors on
Satellite P78-1: Preliminary Data Results

1. INTRODUCTION

The U.S8. Air Force satellite P78-1 was launched at 0824 U'T, 25 February
1979, into a circular, polar sun-svnchronous orbit (noon-midnight meridian
plane) at an altitude of 600 £ 30 km, inclination 97.73%. At launch, its period of
revolution was 96, 54 minutes., The satellite, shown in Figure 1, consists of a
wheel section and a sail section.

The satellite carried several experiments, namely: solar x-ray and spectro-
heliograph; white light coronograph; XUV heliograph; near infrared spectrometer;
x-ray monitor (auroral zone); x-ray and y-ray spectrometers; electron, proton,
and penetrating radiation spectrometers; a multiple particle analyzer and a set of
two electron electrostatic analyzers. The electrostatic analyzers are being re-
ported in this paper. They are on the rim of the wheel section, looking radially
outward along the wheel’s x and -y axes (within 39), The spin axis of the wheel is
perpendicular to the plane of the wheel section and directed along the plane of the
sail. The spin rate of the wheel section is 11 + 1 rpm, thus, the analyzers go
through a full cycle of pitch angles approximately every 5. 455 seconds.

This experiment can contribute greatly to an atlas of auroral zone and polar
region precipitation in the nogn-midnight meridian plane. Since the sensors are

duplicates of the SSJ /3 sensor, a close comparison can be made when 78-1 and

(Received for publication 1 May 1981)
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FFigure 1, P78-1 Satellite

DMSP satellites are in close proximity in time and space, Smee DMSP does not
spin, the 58J 3 sensor does not have variable pitch angle data, but does have
excellent time resolution,  Therefore, conmparisons of the data from the two
satellites can be made. In addition, DMSP auroral photographs can be compared
with the 78-1 electron precipitation data 1 camplete piteh angle distribution,

The 78-1 data can also be compared with SCATHA particle data when the two
satellites are in conjuction. The 78-1 ESA data can be compared aath auroral

x-rav and particle data observed on the 78~1 satellite,

2. DESCRIPTION OF ELECTROSTATIC ANALYZERS

The electrostatic analvzers flown on 78-1 are identical 1o the S8 2 analveers

previousiv lown on DMSP satellites and veferred to as detecrors 4 and 5 by

Harvdy er ol 1

1. Hardyv, D.A., Gussenhoven, M.S., and Huber, A, (1970 The Precipitating
Flectron Detectors (SSJ 0 3) for the Block 5D Flights 2-~5 DINSP Satellite:
Calibration and Data Presentation, ATGI,-TR-7T0-0210, AD A083 13+,
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An average of the vilues miven for these detectors in Hardy of al's Table ®

has been used to caleular the mid energy, energy width and the o omversion facton

from counts to differential number flux for each energy channel,  Since

where GOE DY values are given in Table 3, 7 the conversion factor 13
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1"ible 1 hists these values for the 18 encrev channels, 1t should be nored thie
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This electrostatic analyzer experiment consists of a set of four analyzers
. that perform a differential energy analvsis of electrons simultaneously in two
look directions., A 16-point spectrum 18 produced for each look direction cvery
256 msec by lew and high energy analyzers that are of a conventional curved
plate design with balanced positive and negative deflection volitages. The instru-

ment is designed to collect electrons in the energy range of approximately 30 eV

to 20 ke V., One set of plates collects electrons in eight channels between 50 ¢V

A secona ser of analvzers s 900 from the first set.  Both sets are mounted per -
pendicular to the spin axis of the wheel section and, therefore, rotate through the
full cycle of pitch angles, one set leading by 90", on each spin evele,  The voltage
applied to determine the channels energy is swept simultaneously for the four
analyvzers., The total weight of the experiment is 4. 34 1b, and it is contained 'n
abox 68" X 6" X 4,187, The power dissipation is 0.25 W at 28 V de. The dwell
time on each channel is 27 msec, with 5 msec between steps to stabilize the
voltage. Thus, in each wheel spin cyele, each detector gives nearly 22 sixteen-

point spectra. A full description and calibration technique of the instrument are

2
given by Hardy et al1 and Huber et al, ~
Using the values in Table 1, (1), the differential number flux, is expressed

2 -
in electrons {em™ sec sr keV) ' The integral (total number) flux is given by:

R -
Toop 2 HEDAE. e (em” sec sr) I (3)

1

The integrated energy flux is:
; S SRS 2 syl
JETOT : Z J(I‘i) Al,i }'i ke V {(cm” sec sr) (4)
i
and the average energy is:
Jeror

B —_ ke V | ()
AV JTUT

2. Huber, A,, Pantazis, J., Besse, A.I1.,, and Rothwell, P, L. (1977} Calibra-
tion of the 883 '3 Sensor on the DMSP Satellites, AFGL-TR-77-0203]

AD A045 097,

and U kel and the second ser collects electrons in eight changels from 1 to 20 ke,
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57,0y, In this latter period, the satellite passes through the nighttime oval,  In

Table 2, these values are shown with Whalen's values for Kp 0. The latitude

values given above are at ground level directly below the satellite. Table 2 lists

these and the values that the field lines intersecting the satellite position reach at

3. Whalen, J. A, (1970) Auroral Qval Plotter and Nomograph for Determining

Corrected Geomagnetic Loocal Time, Latitude and Longitude for High lat-~
itudes in the Northern Hemisphere, AT'CRI.-70-0422, AD 713 170.
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Table 2. Rev 270 (Kp 0+). C'GM l.atitudes for Dayside and Nightside Auroral
Oval Boundaries

Field lLines at Whalen's
Ground l.evel Satellite Intersect Ground lLevel
Below Satellite Ground Values
Equatorward T, 8 77.4° 75. 8"
Boundary (Day)
Polew - A 83, 6" 83. 9" 77,59
Hount Goay)
Poleward 71.9¢ 72, 6 71, 8"
Boundary (Night)
Equatorward 67.9¢ 6o, oY 70.1°
Boundary (Night)

ground level. Also shown are Whalen's values at ground level for these times
and positions,
Figure 4a shows an electron spectrum from each detector, Both spectra !
consist of electrons that are nearly field-aligned, as seen from their pitch angle
ranges, and are 1, 280 sec apart in universal time. There is good agreement
and both show a flux peak at ~2.4 keV. The total energy flux at this time is
Tyror ® "
moderate discrete arc,

2 -
1 erg (em” sec sr) 1. This would indicate that the auroral form is a

Figure 4b shows both detectors sweeping simultancously for two successive
sweeps. In the first sweep detector 1 is closer to field-aligned pitch angles,
and in the second sweep detector 2 is closer to field-aligned values. In the first
sweep, detector 1 runs slightly lower than detector 2 at most energies. In the
second sweep, detector 2 runs somewhat higher in the lower energies, as one
would expect since it is nearly field-aligned. The values in the higher energy
analvzers are quite close. These spectra show a peak in the flux, and 1t is more
pronounced in the first sweep of each detector, These observations were made
close to the poleward boundary of the nightside oval.

Figure 5a shows a spectrum observed by detector 1 near the equatorward
boundary, The fluxes are weak, with a maximum flux occurring at ~ 1.0 keV and
o s »
peak occurs near 1 keV and the energy flux is a fraction of an erg (em™ sec sr) 7,

= 0.1 erg (cmz sec sr)_l. This could be a faint discrete are, since a

4. Aleng, C-I, (1980) Auroral arcs observed by DMSP satellites, geophvsical
monograph in Proceedings of the Chapman Conference on the Foundation of
Auroral Ares, submifted November 1980,

14
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Figure 4a, Differential Flectron Spectra From Both Detectors at
Corrected Geomagnetic Latitude 70, 79, Northern Nightside Aura-
ral Oval, Rev 270, 14 March 1979, Spectra are due to electrons
that are nearly field-aligned

10 P78-I REV 270, 14 MAR 79
Kp=0,
0%t
=Bt
> 10
= v
" 7 ‘
@ 10 | PA. RANGE
o AT 46,972.747 sec UT : :
£ 29.96°- 46,53:A a DETECTOR NO. | !
3,08t 59.85° - 43 24°—-0 DETECTOR NO 2
3l AT 46,973 003 sec UT o
46537 - 63.14° v---v DETECTOR NO ! s f
103t 4324° - 26 86"0 -0 DETECTORNO 2 ; N
Al
‘ Y
’OaL ,,,,, e ' R .
162 16" 1° 10’ 10° .
E(keV) !
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but Were Collected Simubtancously With Approximately BEqual !
Pitch Angles far Both Detectors
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Figure 3b was taken 6,400 sece later by detector 2, It is a weak flux with no

. . 2 -1 .
peak and, since J = 0.03 erg (¢m” see srY T it corresponds 1o i weak

ETOT
diffuse auroral form, This occurs just inside the equatorward boundary of the
nightside oval, ‘This orbit shows the discrete and diffuse forms to be in those

regions of the nightside oval where one expects them to be,

3.2 Moderate Activity (Rev 220, Kp = 3,), 11 March 1979

Figure 6 shows the trajectory for Rev 220, 11 March 1979, The satelline
enters the davside oval near CGAL local time 0900 at 10, 960, 8 sec UT and at CGN
latitude 72,37, As seen in Tuble 3, this agrees with Whalen for Kp 3,0 Accord-
ing to Whalen's values and this trajectory, the satellite should pass by the pole-
ward boundary at 11, 034, 8 sec UT (CGM latitude 74, 57

variability in J

but Figure 7 shows such

’

TOT that the poleward boundary of the day and night sides cannot

be determined from the J vs time plot, As shown in Figure 6, the satellite

TOT
moves only slightly poleward of Whalen's poleward boundary. Possibly the satel-
lite is moving in and out of the boundary, particularly if the boundary varies in

~

time or location. This could account for the changes in flux in Figure 7 which
occur from the dayside poleward edge to the nightside poleward edge. Thus, the
nightside poleward boundary is also obscured. According to Whalen's values and
the trajectory, the satellite should enter the nightside oval at 11, 405, 0 sec UT
(CGM latitude 7i.8%). The equatorward boundary of the nightside is shown in
ToT At 11, 566.3 sec UT (CGM latitude 65, 8",

One can see the broadening of the oval and the equatorward shift for Kp - 3

Figure 7 by an abrupt drop in J

+
(Figure 6) relative to Kp - 0+ (Figure 2). Table 3 shows the values of the bound-

aries,

Table 3. Rev 220 (Kp - 3). CGM Latitudes For Equatorward Auroral
Oval Boundaries

FField Lines at Whalen's
Ground Level Satellite Intersect Ground l.evel
Below Satellite Ground Values
Fquatorward 72.3° 73.1Y 72,39
Boundary (Day)
I'quatorward 5. 8" 66, 9" 64, 3"
Boundary (Night)

Figure 8a shows an electron spectrum from each detector. Detector 1

passes through field-aligned pitch-angle values 1. 280 sec before detector 2, The

17
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Electron Data From Rev 220, 11 March 1979, During a

Magnetically Moderate Time, Kp = 3,. Data was taken in the
Northern Bemisphere
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Figure 8a. Differential Electron Spectra Frong Both Detectors
Taken at Corrected Geomagnetic Latitude 66,4 Northern Night -
side Auroral Oval, Rev 220, Flectrons are field-aligned

P78-1 REV 220, i MAR 79
Kp=3+

o——o DETECTOR NO. | AT 11,552.373 sec ./ T
PITCH ANGLE RANGE 40.66°- 56 98°

Touds
\\
o---o DETECTORNO 2 AT 11,552 373 sec UT \3
. PITCH ANGLE RANGE 49.49°- 33 22° g
10
a L . A
10" — - 2
10 2 i’ (oo 0’ Ton
E(keV)
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two are seen to be quite similar, In Figure 8b, the two detectors ure measuring
simultaneously at upproximately the same pitch angles, and the agreement 1s very
good, There are slight peaks in flux at = 0.41 keV and the ¢nergy flux is

Jetor
form, Thesespectraare near the equatorward boundary, Since no spectra with

z 0.3 erg ((‘m2 sec sx')-l. This would appear to be a diffuse auraral

peaked fluxes were observed in this nightside oval passage, it 1s assumed that the

satellite did not pass over any discrete forms,

3.3 Intense Activity (Rev 499, Kp = 7). 29 March 1979

Figure 9 shows the trajectory in the southern hemisphere for Rev 499 on
29 March 1979, This took place during a magnetic storm at a time when Kp = 7_,
The oval boundaries shown are from Whalen and are seen to broaden and move
equatorward of the previous two cases. However, the satellite electron total
fluxes show that the increase in total flux starts more equatorward and drops
abruptly more equatorward than Whalen shows. Thus, from Hardy's criterig,
in this case the oval ts broader and more equatorward during this storm time
than Whalen has shown for the oval for Kp - 7_. From Figure 10, the fluxes
show that the satellite enters the nightside oval at 65, 118, 5 sec UT (CGM local
time = 2300) and at CGM latitude 53.9° South. At 65,390.0 sec UT (CGM local
time = 2200), JT()’I‘ drops abruptly below 107 e (cm2 sec sr)-1 indicating the
poleward boundary at CGM latitude 67, 0°. At 65, 931, 9 sec UT (UGN local
time = 1500), JT()T rises above 107 e (01112 sec sr‘)_1 indicating the poleward
boundary of the dayside oval at CGM latitude 66, 7%, At 65,019, 3 sec UT (CGM

local time = 1430), JT()’I‘ abruptly falls again below 107, showing the equator-
i ward boundary at CGM latitude 62, 79, Table 4 shows the oval boundary values.
Figure 11 shows differential electron spectra from each detector taken simul-
tancously at approximately the same pitch-angle range, Detector 215 somewhat
higher in the low energy range, but there 1s good agreement in form. The peak in
Channel 5 (0. 173 keV) detector 2 is due to that channel having higher counts than
usual, even when the sensor is looking toward earth,  Both show a weak diffuse
aurora at CGM latitude 536,07 near the rquatorward edge of the nightside oval,
Figure 12 shows a spectrum {rom detector 1taken more than a minute after
the spectra in Figure 11, This spectrum shows a broad peak m flux at 3.5 keV

o N
when J T 2,80 erg (cin” sec sy 1, This vccurs at CGA latitude 54,3 ind

ETOGT
would be associated with 0 moderate diserete arce,

Figure 13 shows differential spectra from detector 2 taken during three sue -
cessive rotations for fteld-atigned electrons, One spectrunt 5 foom detector ]

and is taken in the same time period. The first spectrum (solid hine) shows »

gradual increase and peaks at 8.5 keV,  The dashed lime (second specrrum) shou s
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Table 4, Rev 499 (Knp - 7). CGM 1 atitudes fir Davside and Nightside
Auroral Oval Boundaries

Field Lines at Whalen's ;
Ground Level Satellite Intersect Ground lLevel |
Below Satellite Ground Valurs ‘
Lquatorward 53.9" 55, 7¢ 61, 8"
Boundary (Night)
Poleward 67.0° 68.1¢ 73, 5"
Boundary (Night)
Poleward 66.7° 67.8" 72,2°
Boundary (Day)
Equatorward 52, 7° 64, 0" 68, 8"
Boundary (Day)
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Figurse 130 Dnfferentid Plecron Spes
During Three Succe=ssive Botarons 8

g

sPectruts o= fens detector Dduring an
Al spectra are due s freld=ndnmed cest

. [
Geomagnete Latnitude 2000 0 a1, 2

the same oradual mcerease, but 1t flattens sut between 5,0 and 8.0 xeVe The third

snectrum (dotted line) shows o muen narrower peak at oo o keV, During the firs
and second spectrum, ,Ji".'H oy s ‘8. 3 ere (s = and during the third,
JT"I‘( oo 4.4 erg (em”sec =) 0 Thus, as the neak =hifted o lower energios,
Tyrer decreased,  This wauld be assaciated with an intense Jhiscrete nee that

was lessening to a maoderate discrete are, The spectruny shoawn by the van

an X i3 from detector 1o 1t was taken between fne first and <second spectrum  of
detector 2 and shows a veok ot 8.5 ke'V oand J!j o s 13,8 erp ’\'!‘,‘.J soe wmTh
which, also, indicates an mtense discrete are, ALl four specira wers oF field-
aligned electrons and were raken fron: CGAL Iatitudes 50, 9% «o w1, 37

Figure 14 18 a nlot of the values of the electron Crerey w here the axenun
flux vecurred (precipitating electrons only) versus umiversal vine n seconds £

Rev 494, Thus, these electrons are from the upper hemisphere sf nitch angles,

There 1s a narrow neak to 7,4 keV at = 4)

Aosece U, As seen i the niot,
the energy peak value increases from v5, 235,65 sec U1 1o 65, 241, 7 see U] "¢oa
value of = 8.3 keV and then levels off unti] 63, 254, 0 sec Ul when ot falls quickly.
[t was during the period of maximum that the curves in i'igure 13 were obtained. %
IYigure 15 is a differential spectrum from detector 1 and shows a somewhat
broad peak at = 1.3 keV when J

it PR )
ETOT ® 0.7 erg (cm”™ sec sr) *. I'his would
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Figure 14. Plot of Electron Energy Values Where Maxi-
mum Flux Occurred Versus Universal Time in Seconds,
Rev 499, Southern Nightside Auroral Oval, Active Region
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Figure 15. Differential Klectiron Spec‘tr}yn From Detector 1 Tuken
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indicate a weak discrete arc,  The electrons were nearly field-aligned und the
spectrum occurred at CGM latitude 62, T

Figure 165 shows differential spectra from each detector, They were ruken
simultaneously and at approximately the same pitch-angle range, There is o

') -
small but real increase in flux at 0. 54 keV (J 2 erg (em” sec sr) 1).

ETOT
This is probably a weak discrete are at 64, 87 ('C(;I\I latitude., Again in the lower
energy range, detector 2 is running higher, but the shape of the spectra is very
much alike and the agreement is excellent in the high energy range,

Figure 17 shows a spectrum from detector 1 of nearly field-aligned electrons,

) 2 -1
This spectrum has nho peak in flux and J 0.2 erg (em™ sec sr) 7, which

l‘:'l‘( ,'I‘ =
indicates a diffuse auroral form, This occurred near the poleward edge of the

nightside oval at = 63, 6 CGM latitude,
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Figure 16, Differential Flectron Spectra I"r'mr}) Both Detectors
Taken at Corrected Geomagnetic latitude 64, 8, Southern Night-~
side Auroral Qval, Rev 499, [Electrons are not field-aligned but
were collected simultaneously with approximately equal pitch
angles for both detectors
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In Rev 4949 Kp 7 (disturbed) and, usmeg the J,].(_[‘ blot and Theedy's
criterion, the Jdavside boo davies are morve than 4 equatorws sd and the mghtside
boundaries morve than 3 equatorward of Whalen's values, 1 would appear fron,
R

the abruptness of the change m g that Hardy's criterton of 10 (cm™ sic

ST
sr‘)-l is quite aceurate,  The equatorward shift of the ovil s as expected For the
high value of Kp T_.

Figures 11 1o 13 and 15 1o 17 show s oles of spectra of curoral forns i
different parcts of the nightside oval, It s seen that discrete quroral ©ones oF
varyving intensity oceurred throughout most of this nightside ovat, oxcept neas
cquaterward boundary where the diffuse form 1s found as expected, sore diffuse
aurora was found near the poleward edge of the mightside (Figu.e (7)., The activ-
ity 1n this pass would seem to be associated with either a substorm breaskup or
post-breakup period because of its wide extent in the south-north direction, the
high energy peaks, and the high Kp value.

When comparing the fluxes measured by the two detectors, 1t s observed
that detector 2 reads about 40 percent higher than detector 1in the lower eacrov
range, channels 1 through 8 (30 ¢V to 1 keV),  This happened throughout most of
the three passes. In the higher energy range, there was very close agreement
between the two detectors,

In Rev 489, channel 4 read high throughout the southern auroral oval pass

that we discussed above, That was true in both detectors, but because detector 2

- 5
read higher than detector 1, the J-|-( i values for detector 2 were ~107 e (em”™

sec sr)-l throughout this pass. Therefore, we used detector | data in Figure 10,
It must be stressed that channel 4 does not generally aet this wav,

originally, it appeared that Channel @ was not functioning properlv, It was
suggested by Dr, Hardy that the data was taken off of telemet ey in o manner such
that channels 8 and 16 were interpreted as being channels 1 and 9, respectively,
All other channels were then corrected accordingly and, therefore, all channets
function properciy.

Since the launch of satellite PT8-1, this experiment has produced some very
good data., Due to the geometric factors for the low energies, these detectors
*an detect very low fluxes throughout the entire spectrum and very high fluxes
in the lower energies, Thus, complete spectra can be produced i the polar eap
and the cusp.  Flux spectra are produced throughout the entire spin evele,  This

indicates that they can be used 1o estimuate the field-aligned current densities,




